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RESEARCH MEMORANDUM

HORTZONTAL-TATL EFFECTIVENESS AND DOWNWASH SURVEYS
FOR TWO 47.7° SWEPTBACK WING-FUSELAGE COMBINATIONS
WITH ASPECT RATIOS OF 5.1 AND 6.0 AT A
REYNOLDS NUMBER OF 6.0 x 106

By Reino J. Salmi
SUMMARY

An experimental investigation of the effectlveness of a horizontal
tail on two U47. 7 swepthack wing-fuselage comblnations of aspect ratios 5.1
and 6.0 was made at a Reynolds number of 6.0 X 106 and a Mach number of
0.14. The tests were made with various combinations of leading-edge flaps,
drooped-nose, split flaps, and double slotted flaps in addition to -the
flaps-neutral configurations. Alr-stream surveys in the reglon of the
tail were also made.

The results corroborate previous low-speed investigations in thet a
tail position just below the extended wing-chord plane malntained effec-
tlveness and improved the stabllity at the high angles of attack whereas
a taill position well above the extended wing-chord plene was unfavorzble.
Although the low tall increased the stabllity of the flaps-neutral com-
binations at the very hlgh angles of attack, it did not reduce the large
unstable change in dCp,/dC; (rate of change of pitching-moment coeffi-
clent with 1ift coefficient) which occurred at an angle of attack of 13
The initial unstable varlations of de/dCL which occurred at moderately
high 1ift coefficlents for the combinstions with the leading- and trailing-
edge fleps deflected was eliminated by the low tail for trailling-edge-flap
spans extending to 0.400 semispan. For trailing-edge-flap spans extending
to 0.500 semispan and for comblnations with only the leading-edge flaps
deflected, the initial unstable veriations of dC,/dC; were conslderably
reduced.

IRTRODUCTION

Previous experimentel i1nvestigations of the effects of horizontal-
tail position on the low-sgpeed static longltudinsl stability characteristics’

T -uATION



2 NACA RM L50K06

of sweptback-wing models (references 1, 2, and 3) have shown that the
stability exhibited at high 1ift coefficients is critically dependent on
the vertical location of the horizontal tail. It has been shown that the
optimum tall position from the polint of view of low-speed stabllity takes
advantage of the favorable downwash gradlents below the wake center line.
Reference L4 shows that for two wings of 47.7° sweepback at the leading
edge and aspect ratios of 5.1 and 6.0, the longitudinal instability caused
by tip stall could be alleviated by the use of leading~edge devices, but,
for some combinations of leading- and trailing-edge flaps, unstable varia-
tions of the pitching moment would occur prior to-the maximum 1ift.

The present investigation was conducted, therefore, to determine the
longitudinal stability characteristics of the two 47.7° sweptback wings
in combination with a fuselage and horlzontal teil and to determline the
extent to which the horizontal tall 1s effective 1n overcoming the unstable
variations of the pitching moment prior to the maximum 1ift. The tests
were made at a Reynolds number of about 6.0 x 106 (Mach number of 0.1L).
Air-stream surveys of the flow in the region of the tall were also made.

SYMBOLS
C;, 1ift coefficient (Lift/qS)
Cm pitching-moment coefficient about 0.25¢ (Pitching moment/qSE)
S wing areas
S¢ - taill ares

b/2

T mean aerodynemic chord g‘jg c2;§>
c wing chord *
Cc tail chord
c! wing chord normsl to O.286-chord line
b wing span
by tail span
¥ lateral distance from plane of symmetry .

o] free-gtream pressure (%pV%)
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de/da

dCp/dCy,.

mags density of eir
free-gtream veloclity
dynamic pressure st tail
downwash angle, degrees

sidewash angle, positive when angle of attack of vertical tail
is decressed at positive yaw angles, degrees

angle of attack referred to root-chord line, degrees
rate of change of downwash angle with angle of attack

rate of change of plitching-moment coefficlent with 1ift

coefficient
&y, /da.

§§.l.c
S5 T Loy

tail-effectlveness parameter

rate of chenge of pitching moment due to tail with angle of
attack

rate of change of pitching moment with tail incidence angle

value of Cmit at zero 1lift for high tail position with wing

flaps neutral

1ift-curve slope of isolated tall, 0.049T7 per degree

tail length, distance from 0.25¢C of wing to 0.25€ of tail
tail incidence angle referred to wing-chord line
drooped-nose deflectlon angle

tail height, measured normal to wing-chord plane

distance from wing-chord plane measured parallel to vertical
axes of tunnel

tail efficiency factor, retio of <?mi£)0 of any tail position

1
“ e
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Subscripts:

e effective value, value based on force data

t tail ‘

w wing

av average value, value obtained from air-flow surveys
0 value at zero wing 1ift

MODEL

The geometric characteristics of the models are presented in flgure 1.
The wings had h7.7° sweepback at the leading edge and aspect ratlos of 5.1
and 6.0 which were obtained by interchangeable wing tips. The corre-
sponding taper ratios were 0.383 and 0.313, respectively, and NACA 64-210
airfoil. sections were employed normal to the 0.286-chord line. The wings
had no dihedral but 1.32° and 1.72° of washout existed for the wings of
aspect ratios 5.1 and 6.0, respectively.

The horizontal tall had 42.05° sweepback at the leading edge, an
aspect ratio of 4.01, a taper ratio of 0.625, and NACA 0012-64 airfoil
sections parallel to the plane of symmetry. The tall height is defined
a8 the perpendicular distance between the wlhg-chord plane extended and
the 0.25¢ point of the tail (see fig. 1). The incidence of the tail is
referred to the wing root-chord line and wes changed by rotation about
the 0.25C point of the tail.

The circular fuselage had a fineness ratio of 11.0. An incidence
angle of 2° existed between the fuselage center llne and the wing root-
chord line. ' '

The geometry of the leading-edge and traillng-edge flaps 1ls presented
in figure 2. The split flaps were equal to 20 percent of the wing chord
normal to the 0.286-chord line and were deflected 60° as measured in a
plane normal to the O.286-chord line. The split flaps extended to 0.L400b/2
and O.500b/2 on the wing of aspect ratio 5.1 and to O.hh9b/2 on the wing
of aspect ratioc 6.0. The double-slotted-flap chord was equal to 25 per-
cent of the wing chord normsl to the 0.286-chord line and a deflection
angle of 50° was maintained in a plene normal to the 0,286-chord line.
Double slotted flaps extending to 0.400b/2 were used on the wing for
A = 5.1 and to 0.462b/2 on the wing for A = 6.0.

The leading-edge flaps had a comstant chord of 3.05 inches normsl
to the leading edge and were deflected 45° from the wing-chord plane
measured in a plane normal to the leading edge. Leading-edge-flap spans
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of 0.475b/2 and 0.525b/2 were used on the wing for A = 5.1 and a span
of 0.481b/2 was tested on the wing for A = 6.0. The drooped nose was
hinged on the wing lower surface &t the l6-percent-chord line of the
sections normel to the 0.286-chord line and was deflected 20° about the
hinge line. The drocped-nose span wes 0.375b/2.

TESTS

The testg were conducted in the Langley 19-foot pressure tunnel with
the air compressed to approximately 33.5 pounds per square 1n absolute.
The date were obtained at a Reynolds number of sbout 6.0 X 10° and a Mach
number of O.14. Figure 3 shows one of the wing-fuselage-tail combinstions
mounted in the tunnel.

The aerodynamic forces and moments were measured through sn sngle-
of-attack range for the varlous combinations tested. The alr-stream
surveys were made in a plane normal to the tunnel center line at a point
which was located between the extreme forwerd and rearward locations of
the 0.25€ of the tail (see fig. 4). The measurements of the downwesh
angles, sidewash angles, and dynamic pressures were obtalined by using a
6-tube rake as shown in figure 5. :

In the following discussion, the tail positions equal to 38.2~ and
34, 3~percent semispan sbove the extended wing-chord plane for the wings
- having aspect ratios 5.1 and 6.0 are referred to as the high position,
end the tail positions 5.3~ and 4.8-percent semispan below the extended
wing-chord plane are referred to as the low position. An Intermediate
position of 15.0-percent semispan asbove the extended wing-chord plane
was tested for only one combination on the wing of aspect ratio 5.1.

Teble I may be used as a gulde to the varlous comblnations of leading-
and trailing-edge flaps and horizontal-tall arrangements that were tested.

REDUCTTION OF DATA

The data presented herein have been corrected for alr-stream missline-
ment, support tare and interference effects, and jet-boundary effects. The
jet-boundary corrections for the angle of attack, drag coefficient, and
pitching-moment coefficient were obtained by a method based on reference 5.
The jet-boundary corrections were also applled to the alr-flow-survey data
and consist of an angle change to the downwaesh and a downward displacement
to the fleld of flow. ; :

Average values of downwesh and dynamic pressure.~- The average values
of the dynamic-pressure ratio and the downwash angle in the reglon of the
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tail were obtalned by weighting the measured values from the air-flow
surveys according to the following eguations:

Q/ay 8t Yo a4

and

Effective values of downwash and dynemic pressure.- Isolated-tail
tests showed a constant lift-curve slope through the angle-of-attack
range (reference 1); thus, the computations of the effective downwash
angle and dynamic-pressure ratios were simplified to

©. gy

and
€c = a + 1y = oy
where
C
o Og
b T
oy
t

Tail efficiency factor.- In order to compare the effective values
of qt/q to the average values, the taill efficiency factor n was
estimated from the pitching-moment data. The factor 7 was based on the
rate of change of pitching moment with tail incidence angle. The inter-
ference effects for the high tall posltion were assumed t0 be negligible
and, with the wing flaps neutral, the dynamic-pressure ratic at zero 1ift
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for the high tail was assumed to be about 1.0. The efficiency factor 1
was then obtalred from the relation

_ (cmit)o

where the prime refers to the value for the high taill wlth the flaps
neutral.
The following table presents the values of Cmit at zero 1ift used

to obtain the tall efficiency factor for the various combinstions and
tall positions:

High tail Low tail
Model configuration
(?nﬁ_) T (?mié>o n
%/0 |(percent) (percent)
Flaps neutral ' 0.0205 100.0 |cC.0172 83.9
0.475b/2 leading-edge flaps - .0213 103.9 0173 8.l
0.400b/2 split flaps and
0.475b/2 leading-edge flaps . 0205 100.0 .0180 87.8
0.400b/2 double slotted flaps
and 0.475b/2 leading-edge flaps| .0211 102.9 LO1T7h 8k.9

The accuracy of the values of C?mit)o depends on the accuracy of

measuring the tail incidence angle, the pitching moment, and alsc on the
dynamic-pressure ratic at the taill which may not be unity at zero 1ift.
The accuracy of the tall incidence angle is believed to be within 0.2°
for each setting.

Tail effectiveness parameter.- In order to compare the effectlveness
of the tail for the varlous combinations of leasding- and trailing-edge
flaps on the wing, it is convenient to use a tall effectliveness factor -~
(reference 3) which accounts for the effects of both the downwesh and the
dynemic pressure. The factor T 18 defined as follows:

-l =
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where
ay =a + it - €
or

(&

(=

measured _ mesasured (2)
S¢ 1 1
- & c
§ % Tag Mt )o
a
Equation (1) shows that, when —£E§£31 is zero, the values of T
da

are independent of tail load and hence are applicable to any degree of
trim or to any center-of-gravity location. The values of T presented
herein were obtained with a fixed tail incidence, and large out-of-trim
conditions exlisted at the higher 1ift coefficilents. Through the angle-~
of-attack range for which the tsll passes through the wake, finite values

-d(qt/a)
o

attack range are more nearly representative of the center-of-gravity

location at which the measured tail load would provide trim at the wake
center,

-of are obtained; hence the values of T through that angle-of-

RESULTS AND DISCUSSION

Presentation of Results

The maln results of the investigetion are summsrized in table I.
The basic force data and resulting teil effectiveness parameters are
presented in figures 6 to 23. The effectiveness of the tail for various
spans of leading-edge flaps and trailing-edge split flaps is shown in
figure 24. Figures 25 to 28 present contours of the air-flow character-
istice in the region of the tail. A comparison of the downwash angles
and dynamic-pressure ratios obtained from the air-flow surveys and the
force data ig given in table II.
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Effects of Tall Position on the Tail
Effectiveness and Stablllty

In genersl, the results of the present lnvestigatlion corroborate
those reported in references 1 and 2. Some Ilmprovement in the stabllity
in the high-~lift range was obtailned for all the combinatlons tested when
the tall was located below the extended wing-chord plane whereas & tail
location well sbove the extended wing-chord plane decreased the stability
for most of the combinations. The reduced tall effectiveness for the low
tail position at low angles of attack which results from fuselage inter-
ference was also evident (see table II).

Plain wings.- With the flaps neutral, the effectiveness of the tail
in the low position was constant through most of the angle-of-attack
range with an Increase in the stabillzing effect occurring at the very
high angles of attack for both the wings of aspect ratios 5.1 asnd 6.0
(figs. 6 to 9). 1In the high position, the tail exhibited a loss of effec-
tiveness at the moderstely high angles of ettack and became destablilizing
at an angle of attack of 16° (figs. 7 and 9). The increase in the effec-
tiveness of the low telil at the high angles of attack may be attributed
meinly to a decrease in the rate of change of downwash at the tail deo/dax,
whereas thé destaebilizing effect of the high tail resulted from a large
increase of d€gfda 1in the high angle-of-attack range.

Although the low tall incressed the stabllity of the flaps-neutral
combinations near the maximum 11ift coefficient, the severe instabllity
which occurred at an angle of attack of 13° was not reduced (figs. 6
and 8). The meximum usable wing lift coefficilent (prior to the wing. stall)
of about 0.85 was not asppreciably increased by the tail.

Leading-edge devices and tralling-edge flaps deflected.- The tail
effectiveness for both the high and low positions with the varlous flap
configurations was about the same as for the flaps-neutrsl combination.
With only the leeding-edge fleps deflected (figs. 10 to 13), the effec-
tiveness of the low tail was increased at the high angles of attack
primerily by a decrease of dee/da. Figures 11 and 13 show that the high

tall was destabilizing through most of the high angle-of-attack range
because of & large increase of dEe/da but, at the very highest angles
of attack, dee/da returned to & small value with a resulting increase

in the tall effectiveness although a large decrease of n(qt/q)e occurred.

The longltudinal instability prior to the maximum 1ift coefficient was
conglderably reduced but not completely eliminsted by the low tail, as
indicated by figures 10 and 12. .

. With the split flaps and leading-edge flaps deflected, the values
of T for the low tall position indicated an lncrease in effectlveness
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in the engle-of-attack range from about 8° to 16° for the wing with an
aspect ratio 5.1 and 12° to 16° for the wing of aspect ratio 6.0 which
resulted from a decrease of de./da.

When the double slotted flaps and leading-edge flaps were deflected,
the effectiveness of the low tail for the wing of aspect ratio 5.1
decreased with increasing angle of attack up to about 8O beyond which
e large increase in effectiveness with increasing angle of attack occurred
up to about 12° (fig. 19). The initial decrease of T wae not evident
for the wing of aspect ratio 6.0 (fig. 21) and the increase in effective-
'ness was more gradual. The marked influence of dee/da on T as compared
to the effect of n(qt/q) can be seen from figures 19 and 21, which show

that the destabilizing effect of the high tall Ilncreased in the angle-of-
sttack range between 8° and 170 because of & corresponding increase of
dee/da, but that beyond 17° 7t decreased in its positive value and again
became negative at an angle of attack of about 23° although a large
decrease of q(qt/q) occurred. An intermediate tail position of 0.15b/2

above the extended wing-chord plane was tested on the wing of aspect

ratio 5.1. The results were similar to those of the high tall position
except that T dld not become positive and an apprecisble Ilncrease in

the tall effectiveness occurred at the high angles of attack (fig. 19).
When the O.375b/2 drooped nose was used in combination with the double
slotted flaps on the wing of aspect ratio 5.1, the results were essentially
the same as when the O0.475b/2 leading-edge flaps were used (fig. 23). The
Increase in tail effectiveness at moderate angles of attack for the low
posltion was somewhat greater with the drocoped nose.

As pointed out in reference U4, many of the leading-edge- and trailing-
edge-flap combinations which exhibited stable pitching-moment bresks at
the maximum 1ift coefficient experienced unstable variations of the pitching
moment prior to the maximum 1ift. Figure 24 presents the results of tests
made to determine the effect of the tail 1n the low position for the wing-
fuselage comblnation with varlious spans of split flaps and leading-edge
flaps which have various degrees of instability prior tc the maximum 1ift.
Figure 24 shows that with the O.hOOb/Z split flaps deflected, the initial
instability prior to the maximum 1ift, as indicated by the change of
dC,/dC], to a more positive value, was eliminated by the tail in the low
position for both the 0.475b/2 and 0.525b/2 leading-edge flaps. With
the 0.500b/2 eplit flaps, however, the initial instability prior to the
maximum 11ft was reduced somewhat but not eliminated by the tail. From
the pitching-moment characteristics of all the comblinations with either
0.400b/2 split or double slotted flaps (figs. 1k, 18, and 22), it can
also be shown that the low tail eliminates the undesirable changes of
dCp/dCy, which occur in the angle-of-attack range from about 9° to 12°,

The effectiveness of the low tall 1s, therefore, sensitive to changes in
the span of the trailing-edge flaps but appears to be relatively unaffected
by the type or span (for the limits tested herein) of the leading-edge
devices,
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Figure 24 indicates that the effectiveness of the low tall in elimiw
nating the instsbility with the O.hOOb/E split flaps may be due to the
decrease in dee/da which occurred at approximately the same angle of
attack as the forward shift of the aerodynemic center of the tail-off
configuration, whereas with the 0.500b/2 split flaps the decrease of
dee/da seemed to occur at an angle of attack which was larger than thst
at which the unstable change Iin de/dCL occurred. The alr-flow surveys
of figure 27 indicate that the tip sections of the tall emerge first from
the region above the wake center line, and, for the tralling-edge flap
spans greater than 0.400b/2, the region of the lowered weke center line
behind the flaps may be broader; thereby, the stabllizing effect of the
tail is delayed.

Effects of Trimon T

Asg previously indicated, the values of T were obtained with a
fixed tall iIncidence and a large out-~of-trim condition exlsgted at the
high 1ift coefficients. The effects on T of changes in the tail lcad
were therefore calculated end found to be of significant magnitude. The
changes in T were greatest for the combinations with double sglotted
flaps because of the large talil load reguired for trim and the deep weke
behind the flaps. The effects on T of the changes in a; requlred
for trimming are shown 1n figure 19 for the wilng of aspect ratic 5.1 with
"0.400b/2 double slotted flaps and O.475b/2 leading-edge flaps deflected.
Inasmuch as a negative value of «af was required for trim, an increase
in qt/q resulted in a reduction of the tail effectiveness and a decrease
in qt/q increased the tall effectiveness. The changes In T were

significant only at the high angles of attack which correspond to the
1lift range where the lift-curve slope is smell, It has been found that

d
through the angle-of-attack range for which the values of —Egg—g— of

the present wing are maximum, the values of T are applicable to a trim
condition for a center-of-grevity location rearward of the 25-percent C.

Air-Flow Surveys -

The advantages of loceting the horizontal tail in the region below
the wing wske for improving the low-speed stabllity of the wing-fuselage-
tail combinations at the hiligher angles of attack can also be shown from
an analysis of the contour charts of the air-flow characteristics (figs. 25
to 28). In using the contour charts to obtaln the average values of qt/q
end € for comparlson wilth the effective values, discrepancies in the
average values may result from the followlng causes: (1) The survey plane
was perpendicular to the tunnel center line (see fig. %), and, because of
the tall sweepback and the forward and rearward movement of the tail with
engle of attack, the tall sectioms may be located at stations in the flow
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field different from those used in the calculations so that greatly
different averasge values result where the qt/q and ¢ gradients are
large: (2) where the values of qt/q and € were very large, extrapo-
lations of the survey-rake calibrations were necessary (noted by shaded
areas on contour charts); and (3) no survey date were obtained in the region
directly below the fuselage. The comparison of the effective and average
values of ¢ and qt/q in table II shows that, in general, fairly good
sgreement was obtained for the high tall position and gomewhat poorer
agreement for the low tail.

Inasmuch as the low teill did not reduce the unstable shift of the
aerodynamic center prior to the maximum 1ift for the flaps-neutral com-
binations, & brief investigation was made by using the contour charts to
determine whether a more favorable tail location than the low position
would be indicated. The results indicated that a tall position of 0.05b/2
above the extended wing-chord plane was at least as good as the low
position (—0.05b/2) that was tested but that any further increases in
the stability of the wing-fuselage-tail combination would be small,

Fairly good agreement between the calculated and experimental pitching-
moment curves for the low tail position was obtalned.

The contour charts indicate strong vorticity in the reglon of the
tall at the high angles of attack. Large negative sidewash angles which
.developed in the region about 40~ to SO-percent semispan above the extended
wing-chord plane decreased as the extended wing-chord plane wag approached
and finally assumed large posltive values. References 4 and 6 pointed
out that a vortex flow developed along the leading edge of the subject
wings and that, at high angles of attack, the vortex flow was concentrated
over the inboard areas of the wings. The increased vorticity near the
tail msy, therefore, be caused by a more rapid rolllng up of the vortex
sheet due to the strong vortices formed at the leadlng edge. The vortex
flow was not evident on a wing of lower sweepback (42°, reference 1), and
relatively smaller slidewash angles were obtained in the region of the tail
(reference 7). With the leading-edge flaps deflected, both the downwash
and sidewash angles are decreased at the high angles of attack.

The large depression of the wake center line due to the trailing-
edge flaps for the region dlrectly behind the flaps can be seen from the
contour charts. As the wake center line moves above the wing-chord plane
with increasing angle of attack, only the tip sections of the high tail
may be at the wake center, but the entire tail may be adversely affected
by the broad weke. The location of the trailing vortices from the split
and double slotted flaps can also be determined from the contour charts.
The vortex from the trailing-edge flaps moved from a position well below
the extended wing-chord plane to a point considerably above the extended
wing-chord plane when the angle of attack was increased.



NACA RM L50K06 13
CONCLUDING REMARKS

The maln results of the investigation of the effectiveness of a
horizontel tall on two 47.7° sweptback wing-fuselage combinations of
agpect ratios 5.1 and 6.0 are summarized as follows:

The low tail increased the stability of the flaps-neutrsl combina-
tions at the very high angles of attack but it &ld not reduce the large
unstable chaenge of de/dCL (rate of change of pltching-moment coefficlent
with 1ift coefficient) which occurred at an angle of attack of 13°.
Calculations based on the air-flow surveys indicated that a tall position
Just above the wing-chord plane was as effective as the low position when
the wing flaps were neutral. The relatively smaller unstable variations
of the pitching moment which occurred et moderately high lift coefficients
on the combinstions with the leading- and traliling-edge flaps deflected
were eliminated by the low tail for trailing-edge flaps extending to
0. 400 semligpan 'and were consldersbly reduced for trailing-edge flap spans
extending to 0.500 semigpan and for comblnations with only the leading-
edge fTleps deflected. The high tail position was destebilizing at the
high angles of attack for all the combinations tested.

Langley Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TAELE I.- SUMMARY QF TATL EFFECTIVENESS AND PTTCHING-MCMENT CEARACTERISTICA
OF THO L7.7° SWEPTBACK WING-FUSELACE-TATL COMBINATIONS
Uodel configuration and tail height, =z, Tall effectivensss Flgure
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TABLE I.- SUMMARY OF TAIL EFFECTIVENESS AND PITCHING-MOMERT CHARACTERISTICH

OF TW0 L47,7° SWEPTBACK WING-FUSELAGE-TATL COMBINATIONS - Continued
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CCMBINATION OF ASPECT RATIO 5.1

RATIOS AT TRE TATL AND TATL, EFFICIERNCY FACTORS FOR A L47.7° SWEPTRACK WING-FUSELAGE
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NACA 64-210
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Fip: one-half body
of revolution
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14.80 ‘
4.58— ]/ 54.60
INSZ
2205° N
NACA 0O0rE-64
airfoil sections: \ |
— 1050~ |-
71 /49.50
l.&7
_ N1
83.30 e.24] *
Same wing os cbove A=5.7 6.0
with lips extended for Arec mﬁ?ﬁ
A= 6.0 7oper
ratio 0.383 o313
7ip
woshout| 132° rL7e°
Y 1528
O.25& (tart)
16.80 (maximum diameter/
69.40(A=5.1)
59.10 66.55 (4=6.0/
2° t
R
185.98
Intersection of 0.286-chord

line with plane of Symmelry.

Figure l.- Geometry of the L47.7° sweptback wing-fuselage and tail
combingtions. All dimensions are in inches.
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Cireular-arc foiring —
v
Wing~chord line ‘——0./6(:'— o
. ‘ \
e O0.50 diam. Wing chord line->
Section C-C Section D-D
Leading-edge flap Dreoped nose

Figure 2.~ Details and locations of the leading-edge and trailing-edge
flaps. All dimensions are in lnches.
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.-60308
Figure 3.~ The 4T. 7° sweptback wing-fuselage combination of aspect ratio 6.0
mounted in the Langley 19-foot pressure tunnel with the tail in the low
position.
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Figure 4.- Location of air-stream-purvey plane. All dimensions are in
inches. '
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(2) Photograph of rake head. [ ) o753 3

Prtch orifice Static orrf /'(,7

90° o
45

L4 " A—¢

-
k
=
Yow orifice . 3 27 ___,_l
64

/
i—!mpact orifice

: (b) Sketch of tube head.

Figure 5.~ Alr-stream-survey rake used in Langley 19-foot pressure tunnel.
A1l dimensions are in inches.
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- Figure 6.- Effects of horizontal-tail positlion on the variation of CL
and C, wlth a for a h?.?o sweptback wing-fuselage combination of
Flaps neutral; R = 6.0 X 108,

aspect ratio 5.1.
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(a) Low tail. (b) High tail.

Figure T.~ Variation with angle of attack of the tail effectivness
paraneter, effective downwash angle, dynamlc-pressure ratio and rate.
of change of downwash angle with angle of attack for the high and
low tail positions on the hT.TO sweptback wing-fugelage combination

of aspect ratio 5.1l. Flaps neutral; R = 6.0 x 10°.
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Figure 8.- Effects of horizontal-tall position on the variation of Cy,
- and Cp with o« for a 47.7° sweptback wing-fuselage combinatlon of
aspect ratio 6.0. Flaps neutral; R = 6.0 X 106,
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Pigure 9.- Variation with angle of attack of the tail effectiveness
parsmeter, effective downwash angle, dynamic-pressure ratlo and rate
of change of downwash angle with angle of attack for the high and
low tail positions on the 47.7° sweptback wing-fuselage combination
of aspect ratio 6.0. Flaps neutral; R = 6.0 x 10°.
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Figure 10.- Effects of horizontal-teil position on the variation of Cj,
and Cp with a for a y7.7° sweptback wing-fuselage combination of
aspect ratio 5.1. 0.475b/2 leading-edge flaps deflected; R = 6.0 x 106.
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Figure 1l.- Variation wlth angle of attack of the tail effectiveness

paremeter, effective downwash angle, dynamic-pressure ratlio and rate
of change of downwash angle with angle of attack for the high and low
tail positions on the 47.7° sweptback wing-fuselage combination of

aspect ratio 5.1. 0.475b/2 leading-edge flaps deflected; R = 6.0 x 106,
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Figure 12.- Effects of horizontal-tail position on the variation of Cj,
and Cp with a for a 47.7° sweptback wing-fuselage combination of

agpect ratio 6.0.

0.4811b/2 leading-edge flaps deflected; R = 6.0 X 106.
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Figure 13.- Variation with angle of sattack of the tall effectiveness
parameter, effective downwash angle, dynamic-pressure ratlo and rate
of change of downwash angle wlth angle of attack for the high and low
tall positions on the 47.7° sweptback wing-fuselage combination of

aspect ratio 6.0. 0.481b/2 leading-edge flaps deflected; R = 6.0 x 106,
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Figure 14.- Effects of horizontal-tail position on the variation of C,
and C, wilth o for a 47.7° sweptback wing-fuselage combination of
aspect ratio 5.1. 0.400b/2 split flaps. and 0.L475b/2 leading-edge flaps;
R = 6.0 x 106,
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Figure 15.- Variation with angle of attack of the taill effectlveness
parameter, effective downwash angle, dynamic-pressure ratlo and rate
of change of downwash angle with angle of attack for the high and low
tail positions on the 47.7° sweptback wing-fuselage combinstion of

aspect ratio 5.1.
R = 6.0 x 10°.

0.L400b/2 split flaps and O0.475b/2 leading-edge flaps;



NACA RM L50K06 : 37

1.6
1.4 | B Roof |

B

1.2

1.0

N
SN

D\D' Sl

“qu _

NACA,

-4 il

-4 o 4 & 12 16 20 24 28
@, deg

Figure 16.- Effects of horizontal-tail position on the variation of Gy
end C, with a for a 47.7° sweptback wing-fuselage combination of

aspect ratio 6.0. O0.44gb/2 split flaps and 0.481b/2 leading-edge flaps;
R = 6.0 x 10°. : '
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Figure 17.- Varliation with angle of attack of the tail effectiveness
parameter, effective downwash angle, dynamic-pressure ratio and rate
of change of downwash angle with angle of attack for the high and low
tail positlons orn the 1{-7.70 sweptback wing-fuselage combination of
aspect ratio 6.0. 0.449b/2 split flaps and 0.481b/2 leading-edge flaps;

R = 6.0 X 106.
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Figure lé.- Effects of horizontal-tall position on the variation of Cj
and Cp with a for a 47.7° sweptback wing-fuselage combination of

aspect ratlio 5.1. 0.L0Ob/2 double slotted fleps and 0.475b/2 leading-
edge flaps; R = 6.0 X 106,
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Flgure 19.- Varlation wlth angle of attack of the tall effectiveness -
parameter, effective downwash angle, dynamlc-pressure ratlo and rate
of change of downwash angle with angle of attack for the high, low,
and intermediste tall positions on the L. 7° sweptback wing-fuselage
combination of aspect ratio 5.1. O.hOOb/2 double slotted fleps and

0.475b/2 leading-edge flaps; R = 6.0 X 10°.
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Figure 20.- Effects of horizontal-tail position on the variation of CL
end Cp with a for a 47.7° sweptbeck wing-fuselage combination of
aspect ratio 6.0. O.h622/2 double slotted flaps end 0.481b/2 leading-

edge flaps; R = 6.0 x 10°,
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Figure 21.- Variation with angle of attack of the tall effectlivness
parameter, effective downwash angle, dynamic-pressure ratic and rate
of change of downwash angle with angle of attack for the high and
low taill positions on the 47.7° sweptback wing-fuselage combination
of aspect ratio 6.0. 0.462b/2 double slotted flaps and 0.481b/2 leading-

edge flaps; R = 6.0 x 106,
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Figure 22.- Effects of horizontal-tail position on the variation of Cg
and Cp with a for a 47.7° sweptback wing-fuselage combination of
aspect ratio 5.1. 0.400b/2 double slotted flaps and 0.375b/2 drooped

nose (3, = 20°); R = 6.0 X 106.
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Figure 23.- Variation wlth angle of attack of the taill effectiveness
paremeter, effective downwash angle, dynemic-pressure ratio and rate
of change of downwash engle with angle of attack for the high and
low tail positions on the L47.7° sweptback wing-fuselage combination
of aspect ratio 5.1. 0.400b/2 double slotted flaps and 0.375b/2 drocped

nose (8 = 20°); R = 6.0 x 105,
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wing-fuselage combination of sspect ratioc 5.1 wilth and without the
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